Dengue is a mosquito transmitted flaviviral infection which can give rise to severe haemorrhage (dengue haemorrhagic fever) and with capillary leakage induces hypovolaemic shock (dengue shock syndrome). Although dengue symptoms and complications have been known for many decades, there has only been one documented case of osteonecrosis of the maxilla which was treated by excision of the necrotic bone. In this case of dengue infection, extensive maxillary osteonecrosis and minimal root resorption appeared to follow factitious injury with a toothpick but resolved with nonsurgical management.
INTRODUCTION
Dengue fever is a painful debilitating mosquito borne disease caused by a flavivirus. These are global human pathogens that primarily cause encephalitis and haemorrhagic disease in tropical and subtropical regions and is transmitted by day-biting female Aedes aegypti mosquitoes. 1 The common name for dengue fever is 'break bone fever', due to the severe associated myalgia and arthralgia due to the deposition of antibody immune complexes at sites of viral infection in bone, muscle or the synovium.
An estimated 390 million dengue infections occur worldwide each year. 2 It is found in Africa, the Americas, Mediterranean region, South-East Asia and the Western Pacific region (Fig. 1) . 3 It is endemic in approximately 100 countries. Dengue fever is not endemic in Australia, however, epidemics of dengue have probably occurred. The vector of dengue was probably introduced to Australia during European colonization from the late 18th century. International disease distribution maps show the vector, and dengue epidemic activity is widespread in the north-east state of Queensland, Australia, and travel has probably had the most important impact on its spread. Furthermore, the current proliferation of domestic water storage tanks presents a high potential dengue transmission risk during the warm summers. 4 Dengue fever is generally a benign disease which is characterized by fever with an acute onset of severe headache and myalgia, but can develop into a lifethreatening dengue haemorrhagic fever (DHF). DHF arises from damage to lymphatics, with plasma leakage increased vascular permeability, thrombocytopenia, producing impaired haemostasis, epistaxis and gingival haemorrhage. The plasma leakage can result in pleural effusion and ascites leading to hypovolaemia and circulatory shock with organ failure. Infected hepatosplenomegaly increases the spleen's mechanical filtration with red blood cell destruction. These features may progress to massive bleeding, and the dengue shock syndrome (DSS) which is more common in patients during a second episode of infection. 5 Aseptic osteonecrosis of the jaws could be a result of impaired blood supply. However, periodontitis which may arise from the impaired immune response enhancing the subgingival microbiome could be responsible for a bacterial osteitis. 6 The following case is presented as an uncommon maxillary osteonecrosis, periodontitis with root resorption associated with DHF.
CASE REPORT
In November 2014, a 30 year old male patient presented in Taize, Yemen, with high fever, epistaxis, gingival bleeding and severe headache. The patient tested positive for anti-NS1 antibodies which is diagnostic for dengue infection. The full blood count revealed leucopenia (3600 white blood cells/lL) and thrombocytopenia of less than 90.000/mm 3 . After 3 days, the platelet count dropped to less than 20 000/mm 3 and the patient developed hypoxia, generalized oedema, hepatosplenomegaly and impaired renal function. The symptoms progressed to haemorrhage and shock for 14 days. Supportive care consisted of paracetamol (500 mg, six times/day), isotonic fluid, platelets and blood replacement was provided until complete recovery a month later.
The patient's history revealed that he contracted dengue fever 4 years earlier with leucopenia and thrombocytopenia (90 000/mm 3 ) but mild dengue symptoms.
Throughout the course of DHF, the patient injured his interdental gingiva when he attempted to remove impacted food between the upper right canine and first premolar with a toothpick. This led to severe bleeding, pain and gingival swelling for 2 months. However, the teeth were non-carious and did not exhibit any mobility. The pain was reduced by oral analgesics (paracetamol, 500 mg), however, the gingival swelling and bleeding persisted for over 2 months. A bone biopsy consisting of 2 cm 9 2 cm fragments of grey and light brown tissue removed for histology from the right upper alveolar bone showed fragments of bone devoid of osteoclasts with a mononuclear infiltration of lymphocytes, plasma cells and histiocytes. There was no evidence of any specific pathology or infection. Furthermore, mobility of the right maxillary canine, premolars and molars was noted and ipsilateral submandibular lymphadenitis. A panoramic radiograph and computed tomography (CT) showed evidence of decreased bone density involving the right maxillary alveolar bone extending from the canine to the second molar region (Fig. 2) . Widening of the periodontal space was also noted around the canine root.
Amoxiclav (500 mg amoxicillin and 149 mg clavulanate potassium) three times a day, 400 mg of metronidazole two times a day and chlorhexidine mouth wash two times a day were administrated for 14 days. The patient recovered completely over 4 months from the dengue clinical features and the tooth mobility reduced significantly.
Eight months later, the CT scan confirmed marked reduction in the radiolucent areas (Fig. 3) .
At 9 months, there was no mucosal hyperaemia, swelling or fistula, and all the right maxillary teeth were firm except the canine with grade II mobility. Periapical and occlusal images showed an increase in bone density with trabecular restoration, apical root resorption of the right canine tooth and to a lesser extent the premolar and mesiobuccal molar roots which had not been evident in earlier radiographs (Figs. 4 and 5) .
DISCUSSION
The oral manifestations of dengue fever are haemorrhagic with varying degrees of swollen bleeding gingiva, tongue, lip, buccal mucosa and post-extraction haemorrhage. 7, 8 Purpura and ecchymoses will reflect platelet levels.
Microbiological laboratory testing may show virus segregation in cell cultures, nucleic acid demonstrated by polymerase chain reaction and serological detection of viral antigens. 9 At the outset of a dengue infection, the virus enters the bloodstream and penetrates macrophages and monocytes which enable reproduction in the circulation. 10 These leucocytes release cytokines and interferons, which are responsible for the viral symptoms. Halstead proposed that vascular permeability gives rise to the DHF and DSS, 11 and the vascular permeability is amplified by a cascade of cytokines which include, T-lymphocyte cytotoxic factor (CF) and a macrophage CF (CF2). 10 The cytokines also cause thrombocytopenia, leucopenia and trigger off intravascular coagulation and fibrinolysis. 12 The thrombocytopenia and fibrinolysis are responsible for the haemorrhage, and the widespread capillary permeability gives rise to oedema with pleural effusion and ascites and the risk of circulatory organ failure. This complex cytokine interaction produces bone marrow suppression and osteonecrosis. 13 The exact cause of the bone necrosis is still not conclusive, but could be marrow suppression and intraosseous haemorrhage leading to bone infarction and periodontal infection.
This case presented with osteonecrosis of the right maxilla and resorption of the canine root apex. He had no evidence of other unrelated causes of osteonecrosis and no prior periodontal disease. The histopathological report excluded bacterial osteomyelitis and malignancy but a crucial feature of his medical history was dengue viral infection 4 years earlier in 2010.
The interdental application of a tooth pick (once) with marrow suppression might have caused a periodontal abscess, loss of the adjacent lamina dura, widening of the periodontal ligament space and blunting of the canine apex.
The general management of dengue is of primary importance. Plentiful oral fluid supplementation is essential but i.v. fluid administration is mandatory in cases of shock, severe vomiting and dehydration. Low platelet counts are a serious concern for bleeding and are best managed by transfusion of fresh whole blood. However, prophylactic platelets may be given at a level of less than 10 000/cu mm in the absence of bleeding manifestations.
CONCLUSIONS
Osteonecrosis and associated dental root resorption are unusual oral manifestations of DHF despite the innumerable risk factors, but should still be considered a potential complication. Optimum maintenance of periodontal health must complement symptomatic dengue treatment and appears to allow the osteitis to heal uneventfully without radical intervention. Careful interdental hygiene with a fine brush is desirable. This case will be followed up to ensure complete bone healing with the elimination of tooth mobility. 
